In this work, we perform a seismological investigation in the central Brazil region for focal mechanisms and stress. This large area (910.000 km 2 ) is surrounded by several geological provinces: Eastern Amazon craton; southwestern Parnaíba basin; western São Francisco craton; northern Paraná basin and almost the whole Tocantins province. The area is crossed, in an SW-NE direction, by the continental-scale discontinuity -Transbrasiliano lineament (LTB). In the Brazilian seismic catalog (1720-2019), it is possible to distinguish a seismic belt following the LTB lineament and some dispersed events in the northern, western and eastern areas. The study area is characterized mainly by low magnitude events (M < 4); only 11 events reported in the catalog with M > 4 occurred, and among them just one with magnitude 5. Based on quality criteria a set of 118 events from 338 present in the catalog were selected for a thorough analysis. This work was divided in three parts: (i) Events relocation with the iLoc code and Regional Seismic Travel Time (RSTT) velocity model; (ii) Focal mechanisms determination of 10 events using waveform envelopes inversion and polarities, and; (iii) Inversion of focal mechanisms for stress field. The study shows that the seismicity of the area is mainly concentrated in two relatively narrow belts and that the major compressional stress axis of the whole zone is well resolved with azimuth about 133°which is compatible with previous studies of stress in central Brazil.
Introduction
The earthquake activity in the stable Continental Interior of South America (SCI-SA) is heterogeneously distributed and it is very quiescent in terms of quantity and magnitudes compared to other intraplate regions. Models to explain intraplate seismicity, in general result from ruptures in weakness zones and stress concentration (Sbar & Sykes 1973; Sykes, 1978; Talwani, 1989; Talwani and Rajendran, 1991; Kenner and Segall, 2000) . The proposed models try to correlate intraplate earthquakes with geological features that could indicate zones of crustal weakness or with structural inhomogeneities, which could concentrate stresses in the upper crust. In the SCI-SA, few studies brought light to the causes of intraplate earthquakes. The work of Assumpção, (1983) ; Assumpção et al., (2004) correlates the Brazilian seismicity with weakness zones and stress concentration in areas of the thin lithosphere and craton edges. This seismicity is explained by the deformation resulting from the stress concentration in the upper crust (Assumpção et al., 2013a (Assumpção et al., , 2013b , which is explained by the lateral density variation causing flexural deformation (Zoback and Richardson, 1996; Assumpção and Sacek, 2013) . In some zones, local stress is as important as regional stress (Tingay et al., 2006; Heidbach et al., 2007 Heidbach et al., , 2010 Rocha et al., 2016) . According to Agurto-Detzel et al. (2017) the Brazilian seismicity in average has a slight tendency to occur in the Neoproterozoic fold belts, thinner crust, higher heat flow regions and in areas marked by relevant high gravity anomalies.
The Brazilian earthquake catalog comprises of events classified as historical and instrumental (1955 onwards) , the largest event occurred in Porto Dos Gauchos -MT in 1955 with a magnitude of 6.2. The catalog was initially reported by Berrocal et al. (1984) and continuously upgraded by the seismological centers of the University of Brasilia (UnB), University of São Paulo (USP), University of Rio Grande do Norte (UFRN), Technological Research Institute of São Paulo State (IPT), National Observatory (ON) and Brazilian Geological Survey (CPRM). Due to the sparseness of the seismic stations and the territory extension, the seismic monitoring in Brazil, represented by the catalog, is very heterogeneous in terms of completeness and location quality. Nevertheless, the monitoring quality was improved substantially after the implementation of the RSBR, completed in 2016 with the installation of 90 stations (Bianchi et al., 2018) .
After 2010, the catalog event location uses the 1D velocity model NewBR developed by Assumpção et al. (2010) with a limited number of stations, mainly analog and the location process does not consider any station correction due to travel time propagation errors. In this work, the events were relocated with iLoc code (Bondár and Storchak, 2011) https://doi.org/10.1016/j.jsames.2019.102411 Received 13 June 2019; Received in revised form 8 November 2019; Accepted 8 November 2019 and the velocity model RSTT (Myers et al., 2010) , version RSTT2014um including the Moho depths for South America (Assumpção et al., 2013a) . Additionally, the code addresses the phase's assignment uncertainties (Pg and Lg) and depending on the station geometry, the relocation is done with an epicentral error of about 10 km.
The region of low magnitude events combined with the sparseness of the network makes it difficult to obtain focal mechanism (FM) of shallow intraplate events. The Brazilian catalog contains only a few dozen of FM solutions, most of them in the northeast and southeast regions, as expected due to the presence of more stations. In the central and north regions of the country, only a few solutions were obtained so far and this is explained by the lack of monitoring stations.
Initially in the 80′s, the focal mechanisms were obtained using the P phase polarities (Mendiguren and Richter, 1978 ) and more recently it was possible to employ the waveform inversion technique for small events recorded by local network (Chimpliganond et al., 2010; Agurto-Detzel et al., 2014; Carvalho et al., 2016; Barros et al., 2018) and events M > 5 recorded at regional distances . Dias et al. (2016) succeeded to invert some medium magnitude events using specific velocity models for each source-station pair. The used models obtained from the dispersion of surface waves compensate the small number of available stations and the lack of signals at low-frequency range (typical for small earthquakes). However, this technique is only applicable to a few events of magnitude around 4 and above, which is not the case for the majority of the events observed within the area of study.
To overcome this limitation, we used the inversion of waveform envelopes (ENV) (Carvalho et al., 2017 (Carvalho et al., , 2019 Zahradník and Sokos, 2018a) . In this method, the information about the focal mechanism is in fact retrieved from the relation between the three components at each station. This technique assumes a 100% Double Couple (DC) source and does a grid search for the possible focal mechanism solutions based on the correlation between the observed and synthetic envelopes, which is less sensitive relative to inaccuracies of velocity models than waveforms.
The goal of this work is to study the seismicity of central Brazil, delimiting the seismic zones according to events relocation and stress distribution, which is important to help the seismic hazard assessment study. To achieve this, we filter the catalog for quality events and proceed with their relocation using the iLoc code and velocity model RSTT, proceeding with the determination of focal mechanisms of some events, and invert them for stress field. The results of the events' relocation showed that the seismicity of central Brazil is concentrated mainly in two relatively narrow belts. In addition to the existing two focal mechanisms from previous works, we contribute with 10 new focal mechanisms to the stress field mapping. To access the stress field acting in the study area, we inverted 12 focal mechanism and the inversion results showed that the stress axis σ 1 , the largest compressional stress, is well resolved and oriented with azimuth~133°, which is in agreement with the NW-SE orientation of SHMax from Assumpção et al. (2016) .
Brazilian catalog and monitoring stations
The Brazilian seismic catalog hereafter, "the catalog" (Fig. 1 ) (grey circle) is very heterogeneous, assembled by different institutions with The catalog has no error control and for some old events, unreported errors of the order of 100 km are expected. Recently, with the deployment of the RSBR stations and the standardization of the location procedure, the epicentral errors started being reported, but the location process still needs improvement in the velocity model.
The RSBR with 90 stations was completed in 2016 with the installation of the Amazon stations'. The stations' infrastructures are physically standardized and equipped with broadband sensors (120s-50 Hz) coupled to a 24-bit digitizer and recording at 100 sps. Most of them sending data in real-time to the network nodes located at UnB, USP, UFRN, ON and CPRM. It is worth to mention that the RSBR database is freely available without any restriction (for details see the section: "Data and Resources").
The study area is monitored by 6 real-time RSBR stations and 23 stations from other projects, composed of a mixture of short period and broadband sensors (Fig. 2) .
Regional seismicity and data
The study area located in central Brazil is large (910.000 km 2 ) bordered by several geological provinces (Fig. 2) . The Catalog reported 338 events in the study area, 11 of them with magnitude equal or above 4 and only one with magnitude 5.0 m R (Mara Rosa Oct 10, 2010). The magnitude m R is consistent with the teleseismic m b scale (Assumpção, 1983) .
Taking into account two quality parameters, events recorded by 4 or more stations, azimuthal gap lower than 180°and recorded from 2010 to 2019, from the 338 events we managed to sort 118 quality events (data set).
Geological setting
The central Brazil region (Fig. 2) is mostly covered by the Tocantins province, resulted from the convergence and collision of three continental blocks: the Paranapanema block in the south, currently covered by rocks of the Paraná basin; the Amazonian craton in the west and the São Francisco craton in the east portion (Cordani et al., 1984; Fuck et al., 2008) . This province is basically constituted by Neoproterozoic fold belt terrains i.e., the Araguaia and Paraguay fold belt along the eastern and southeastern margins of Amazonas craton and the Brasília belt along the western edge of São Francisco craton. The area margins include the eastern border of the Amazon craton; southwestern border of the Parnaiba basin; the western border of the São Francisco craton and northern border of the Paraná Basin.
The Tocantins province is divided into three major tectonic domains, shown in Fig. 3 , the northern Paraguay belt, Araguaia belt and Brasilia belt.
Events relocation
The data set (118 events) were relocated with the iLoc code currently used in the International Seismological Center (ISC) (Bondár and Storchak, 2011) using the RSTT velocity model. The RSTT is a 3D model where the earth is divided into tessellation nodes spaced by 111 km each (Myers et al., 2010) . The source of information for the RSTT model compilation is the global model corrected with time delays computed from the ground truth events (GT5), i.e., the events located with a precision better than 5 km, and information on the crustal thickness. The Brazilian GT database was established just recently (Chimpliganond et al., 2010; Agurto-Detzel et al., 2014; Assumpção, 2014; Barros et al., 2015) . 
ILoc code and relocation test
The iLoc code processes local and regional events and run by default with the RSTT velocity model. In the last version of the code, released in 2018, it includes the Pg/Pn and Sn/Lg phase's assignment uncertainty. The latest version also integrates the crustal and Moho depths for South America (Assumpção et al., 2013a) .
The iLoc code either calculates the event depth or fixes it to a standard value; this decision is based on the depth resolution comprising some configurable parameters: i) Local network: Time-defining phases from minimum of one station at maximum epicentral distance of 0.2°; ii) Local/near regional S: at least three S-P pairs reported by stations at maximum 2°. If these parameters indicate that the depth cannot be reliably calculated, then it is fixed to a configurable standard value. Within the data set, there are 22 events that satisfied the depth resolution parameters allowing for the depth calculation. More detailed info is available in the iLoc manual located on http://www.seismology. hu/index.php/en/home/iloc (last accessed Jul 2019).
The iLoc code was used in Brazil by Neves et al. (2018) for the relocation of 10 offshore seismic events. With the help of data from a seismic line, which had recorded the event of July 1, 2010, magnitude 3.8 m R , occurred in the Campos basin, they succeeded to show that the catalog location was wrong by 18 km and the relocation repositioned the event to its correct location.
Prior to the data set relocation, we tested the iLoc code and RSTT model with the Mara Rosa (MR) main event (Oct 2010) and 15 of its aftershocks, Fig. 4 , Table 1 . The test included a comparison of the relocated events and their respective locations from the catalog. It is worth to mention that at both location procedures, i.e., iLoc and catalog, only stations at regional distances, i.e., below 1.200 km, were used. The iLoc code is an improved absolute location technique for individual events. The reference event ( Fig. 4 , yellow star), MR-GT5 was relocated with cross-correlation technique using as reference two aftershocks located by local and regional stations . As a result, we notice that the relocated events from Table 1 (blue circles) are less scattered than their catalog location (red circles). The average iLoc error is about 9 km ( Fig. 4 , error ellipses, Table 1 ). Comparing to the MR GT5 reference position, the relocation has an average error of about 10 km.
Application of ILOC to 118 events
To achieve the goal of this work we performed two main actions: first, we screened the events from the catalog that matches the two preestablished quality parameters and, second, we proceeded with the screened events relocation using iLoc code and RSTT model. Hence, the comparison of the full catalog ( Fig. 2 ) and the screened and relocated events ( Fig. 5) , are not to be compared event per event, but rather to bring the attention that the full catalog should be used with care. The relocation process did not use the same stations' configuration, velocity model or phase arrival time from the catalog. The relocated events compared with the catalog, Fig. 5 , improved the epicentral location between 1 and 95 km. The catalog and relocated events differences are represented by the red bar in Fig. 5 . The iLoc average epicenter error Fig. 3 . Geological map of Tocantins province subdivided into tree major tectonic domains, to the northern the Araguaia belt, trending NNE-SSW, at the center the Goiás Magmatic Arc striking NNW-SSE and at southern, the Brasilia Belt trending NE-SW. the area is crossed by the Lineament Transbrasiliano (LT). (Source: CPRM Geological Map).
( Table S1 , smajax and sminax) is about 8 km. For details (comparison of the old and new locations), see Supplement Table S1 . The data set, screened by the quality criteria and its relocation, better defines two seismic zones: i) Goiás Tocantins seismic zone of (GTSZ) along the LTB but not showing a clear correlation. This zone looks to be entirely confined to the Goiás Magmatic Arc; ii) Amazon craton east seismic zone (ACESZ) following the eastern edge of the Amazon craton towards north. Additionally to that, a disperse cluster of events is present in the south of the Tocantins province. The two zones have a well-defined band shapes.
Moment tensor determination
The events of the study area are mostly weak, being a challenge to obtain focal mechanisms with polarities or waveform inversion. To succeed in obtaining the focal mechanisms for such weak events, we used the technique of waveform envelope inversion (Carvalho et al., 2017 (Carvalho et al., , 2019 Zahradník and Sokos, 2018a) . We selected nine events for inversion, Table 2 , events 1-9, magnitudes ranging from 2.1 to 4.1 m R , the location and time were used from the relocation events (Table S1 ). The selection criteria were: events recorded by at least four-stations at distances below 300 km and SNR > 5 in the frequency band of 0.8-1.2 Hz. The frequency band criterion was determined with tests observing the inversion stability. Additionally, we succeeded to invert one event (event 10 of Table 2 ) with the CSPS technique (Fojtikova and Zahradnik, 2014) . This was possible due to the available polarities being sufficient for a reasonable run of FOCMEC (Snoke et al., 1984) , providing input for the waveform inversion. The magnitude difference between m R and Mw (Table 2) is too high for a few events. This issue needs further investigation.
As per the velocity model, to which the envelopes are less sensitive than waveforms, we employ the same simple model (VM3) used originally in Carvalho et al. (2019) , i.e., 2 crustal layers of the depth range 0-20 km, 20-42 km and a homogeneous half-space below Moho at 42 km, with Vp of 5.8, 6.4, 8.1 km/s respectively, and Vp/Vs = 1.72. Due to the limited depth resolution of ENV method (see Fig. S2 appendix of Carvalho et al., 2019) , for the inversion, we fixed the events to a shallow depth. For consistency, we used the same constraint parameters at all inversions. In the ENV technique we used at least one polarity to avoid the flip of the P-T axes, but avoiding polarities near the nodal planes. For the quality control, we used the following parameters: Variance Reduction (VR), polarity match and stability of the set of solutions within the prescribed threshold (5%). The threshold parameter includes grid-search solutions from VRmax to VRmax-5%. Within this Fig. 4 . Aftershocks of Mara Rosa main event position from the catalog located with the Hypocenter code (Lienert, 1994; Havskov and Ottemöller, 2008 ) + NewBR model ) (red circles) and relocated with the iLoc code + RSTT model (blue circles) the magnitude is proportional to the circles sizes as per Fig. 2 . The iLoc epicenter errors are represented by the blue ellipses (Table S1 ). The green lines are the geological structures. The star represents the Mara Rosa main event (GT5), i.e., the plotted mainshock position has a 2-km uncertainty. The "center of gravity" of the relocated aftershocks is situated in this 5-km uncertainty range, which proves good performance of the adopted location method. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)
Table 1
Cluster of events occurred in Mara Rosa region and classified as Aftershock of the main event (events 2-15) with magnitudes ranging from 2.0 to 3.7. The event 1 is the main event (M 5.0) relocated with cross correlation and classified as a GT5 (Fig. 4 yellow star) , . The magnitudes of the events are in the regional magnitude scale (m R ), which is consistent with the teleseismic m b scale (Assumpção, 1983) .). The event numbers refer to threshold, all nine events have stable (condensed) nodal planes (Fig. 6a ). Within this threshold, most of the nine events have stable (condensed) nodal planes (Fig. 6a ). The events 1 and 8 have somewhat more scattered solutions probably resulting from the relatively narrow useable frequency band. The formally best-fitting results are in Table 2 . The envelope variance reductions (VR) have a good adjustment at all inversions with an average VR = 0.64, (Fig. 6b) . The example of envelopes in Fig. 6b is from the event of Retiro, Tocantins state ( Table 2 , event 1) with VR = 0.54 when measuring in the whole time window of 130 s (of about 0.8 when considering only the major wavelets). For one case reported in this work, it was also possible to use the 
Table 2
Events 1-9 inverted for focal mechanisms with ENV code, event 10 inverted with the CSPS technique and events 11-12 are from previous studies. The magnitudes of the events are in the regional magnitude scale (mR), which is consistent with the teleseismic mb scale (Assumpção, 1983) . The numbering of events used here differs from (Fojtikova and Zahradnik, 2014) . The CSPS technique uses focal-mechanism solutions originated from the polarity inversion and inspects these solutions for agreement with waveforms from a few available stations. Both techniques are included in the ISOLA package (Sokos and Zahradnik, 2013; Zahradník and Sokos, 2018b) , written in Fortran and running with the help of a Matlab Graphic User Interface. The selection criteria for inversion did not include epicenter position, but luckily the selected events fell evenly distributed in the study area: 3 in the south; 6 in the center and 3 in the north (Fig. 7) . The resulted focal mechanisms are reverse faults, strike-slip, or a mixture of both (Fig. 8) .
Stress field in central Brazil
The knowledge of the stress field in an intraplate environment plays a very important role in understanding seismicity. In Brazil, the focal mechanism database, from which the stress field is obtained, has only a few dozen solutions not allowing high-resolution studies.
Recently, Assumpção et al. (2016) presented a stress map of South America and 7 focal mechanisms for the central region of Brazil, for stress inversion and, among them only two fall in the study area of this work. Here, we focus on a much smaller area and we are using 12 focal mechanisms for the stress inversion, 9 from ENV inversion, 1 from CSPS and 2 events from other works: Mara Rosa, 2010 main event from composite focal mechanism and Brasilia, 2000 .
Several methods are currently available for stress inversion (Gephart and Forsyth, 1984; Michael, 1984; Michael, 1987; Angelier, 2002; Hardebeck and Michael, 2006; Vavryčuk, 2014) . For this work, we employed the STRESSINVERSE code of Vavryčuk (2014) , last updated in 2018. This code is a modification of the Michael (1984) method, adding the calculation of instability to identify the fault plane of each focal mechanism solution, thus possibly increasing the robustness of the shape ratio parameter. The method is linear and runs iteratively.
The twelve focal mechanisms were classified as following: five reverse faultings (2, 4, 5, 11 and 10); two strike-slip (3 and 8) and five undefined (1, 6, 7, 9 and 12) , (Fig. 8a) . The trade-off (Fig. 8b) between the two axes, σ 2 and σ 3 , fully corresponds to the above-mentioned mixture of strike-slip and reverse mechanisms, which both are supported by the stress existing in the study region. As such, principal stresses σ 2 and σ 3 are close to each other, and, consequently, the directions of the stress axes σ 2 and σ 3 are poorly resolved. A similar result was obtained in the work of Hallo et al. (2019) studying an aftershock sequence of the event M6.1 occurred in Osaka, Japan. In our study area, there might be sub-regions where either SS or TF dominates and thus σ 2 and σ 3 could be resolved in each particular region if more data are available. Or, the closeness of σ 2 and σ 3 is genuine property of the region, simply enabling mix of both the TF and SS faulting throughout the whole region. The orientation of the largest principal compressional stress axis σ 1 of the area is well resolved, featuring azimuth~133°and plunge~12°. The shape ratio (Fig. 8c ) defined as R = (σ 1 -σ 2 )/(σ 1 -σ 3 ), is R =~0.9. Mohr's circles (Fig. 8d ) illustrate the closeness of the σ 2 and σ 3 values. The jackknifing test, i.e., repeated stress inversion each Fig. 6 . a) Beachballs of the focal mechanisms from ENV inversions (1-9) and from CSPS inversion (10), following the order of Table 2 . The nodal planes plotted in the beachballs are limited to the threshold of 5%. Shaded sectors correspond to the formally best-fit solution. b) Plotted envelopes for the stations PEXB (0.5-0.8 Hz), and SSV2, CAN3, CAN1 (0.8-1.0 Hz) for event 1 (Table 2 ). time removing one of the focal mechanisms, and adding small random perturbation to the input parameters, provides the range of possible orientations for σ 1 : azimuth 129°-139°, plunge 9°-18°. The dots for stress axes (Fig. 8b) is Vavryčuk estimate of uncertainty exactly by "random perturbation of the input data" in terms of varying slightly each strike/dip/rake triplet, but still keeping all stations.
What we called here Jackknifing is the repetition of Vavryčuk several times each time removing one station and this procedure might help in identifying stations that are affecting strongly (biasing) the inversion.
Discussion and conclusions
In this work, we study the seismic-tectonic features of central Brazil, comprising epicentral relocation, moment tensor and stress field determination. A data set of 118 events was selected from 338 events of the catalog (Fig. 2) . This set was relocated with the iLoc code and RSTT model; the epicenter uncertainty (estimated by the Mara Rosa GT5 benchmark) is less than 10 km. From the data set, only 22 events fulfill depth calculation requirement: 18 from 0 to 10 km depth; four from 10 to 20 km depth. We did not find any pattern or justification for these four deeper events and further investigation is required.
The event relocations allowed a better definition of two seismic zones: the Goiás Tocantins seismic zone (GTSZ) and the Amazon Craton east seismic zone (ACESZ). The seismicity of the GTSZ is in the form of a narrow band (about 130 km) parallel to the LTB, highlighting its preferential direction and geographically position. Despite that, no clear correlation with LTB was found. This zone looks to be entirely confined to the Goiás Magmatic Arc. The ACESZ is also in the shape of a narrow band following the eastern edge of the Amazon Craton and could be correlated to a transition zone between the craton and the Tocantins Province.
The seismicity of the GTSZ is correlated with a high positive Bouguer anomaly (Fig. 9a ), corresponding to the Neoproterozoic Fig. 7 . Beachballs for focal mechanism solutions of 12 events (Strike/Dip/Rake). Relocated epicenters (blue circles) and the focal mechanism solutions (yellow star), Table 2 . The circle size represents the magnitude. For stations used in the envelope inversion, see Table 2 . Geological provinces are as in Fig. 1. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) Magmatic Arc. The high gravity anomalies can be explained by the thinning of the crust or in some areas by addition of the oceanic crust during the collision and subduction process of the paleo continent São Francisco and the Parnaíba and Paranapanema blocks (Mantovani and Brito Neves, 2005) . The Transbrasiliano lineament is a transcontinental structure (Curto et al., 2014; Schobbenhaus et al., 1975) , and in this area the LTB can be observed on the map of the Anomaly Bouguer and on the map of the Total Magnetic Intensity (TMI), Fig. 9b , seismic events (epicenters) with shallow depth (< 10 km), mostly follow the direction of the lineament. The events north of the area in the ACESZ seismic zone are in a high gravity anomalies area, in an area of magnetic anomaly of large wavelengths and high amplitudes, with direction of magnetic lineaments preferably E-W and hence not showing any correlation with seismicity. According to (Assumpção et al., 2004; Assumpção and Sacek, 2013; Rocha et al., 2016) the seismicity of the GTSZ results from a combination of regional stress concentration in the upper crust and a local flexural stress effects. In addition to the two zones, a scattered cluster of events is present to the south of the Tocantins Province.
It is a challenge to obtain focal mechanisms, which is related to the low magnitude events monitored by a sparse network. As a consequence, up to this work, only two reliable focal mechanisms solutions were obtained: the Brasilia earthquake of 2000 and to Mara Rosa event of 2010 . To obtain additional focal mechanisms we used the inversion of waveform envelopes which is less sensitive to inaccurate velocity models and succeeded to invert nine events with ENV code and one with the CSPS code (Fojtikova and Zahradnik, 2014) , the last one constrained by a set of polarity forming a grid set of solutions from FOCMEC code (Snoke, 2003) . Two strike-slip focal mechanisms (events 1 and 3) are concordant with the strike-slip faults associated with the LTB lineament, but slightly rotated to the east (Fig. 7) . It's also noted that the stress responsible for the closure of a wide ocean basin during the Neoproterozoic Brasiliano Orogeny (Pimentel and Fuck, 1992; Pimentel et al., 2004) could still be active as noted by reverse focal mechanism of events 7, 10 and 11 indicating an NW-SE compression. The majority of events of the GTSZ are confined to the Goiás Magmatic Arc (Fig. 9c) .
A total of twelve focal mechanisms were inverted resulting in a well resolved maximum compressional stress axis (σ 1 ) featuring azimuth 129°-139°, and plunge 9°-18°, which is consistent with Assumpção et al. (2016) and Carvalho et al. (2016) inverting 11 aftershocks of the Mara Rosa event computed the σ1 azimuth of 155°. The stress axis (σ 1 ) is also compatible with the local stress estimate NW-SE oriented SHmax in situ measurement of Caproni and Armelin (1990) .
Data and resources
The majority of waveform data used in this article belongs to the Brazilian Seismograph Network (RSBR), and is freely available at www. obsis.unb.br and www.sismo.iag.usp.br (last accessed April 2019). University of São Paulo (USP) provides federated (FDSNWS) webservices for downloading event waveforms at http://seisrequest.iag.usp.br (last accessed April 2019). The plots were made with the QGIS Geographic Information System http://qgis.osgeo.org" (last accessed April 2019). The waveform inversion was done with the software ISOLA and can be downloaded from http://geo.mff.cuni.cz/~jz/for_Costa_ Rica (last accessed April 2019). The information on the Brazilian seismicity is from the Brazilian Seismic Bulletin (BSB) available at http:// Fig. 8 . Stress inversion calculated from 12 events. a) Ternary diagram with the classification of the focal mechanisms (Frohlich, 1992) . Blue dots are reverse mechanisms, red dots are strike-slip and black dots have no classification. Note in panel a) that events 2 and 4 have the same type (the same P&T plunges). b) Uncertainty of the stress axes from random perturbation of the input data. c) The shape ratio. d) Mohr's circles with the position of faults (blue crosses). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) Fig. 9 . Geology and geophysics of the study area and its relation with the seismicity. a) Gravimetric map and, b) Total magnetic intensity field. Yellow circles, proportional to the magnitudes, denote the seismicity. c) Simplified Geological setting of the Tocantins Province (Corrêa et al., 2015) . The yellow lines are the geological provinces' boundaries. The magnetic map white space denotes a lack of data. The geological provinces are described in Fig. 1 . Transbrasiliano lineament (dashed line), Gravimetric and magnetic data of panels a) and b) are from Geological Survey of Brazil (CPRM). (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) J.M. Carvalho, et al. Journal of South American Earth Sciences 97 (2020) 102411 moho.iag.usp.br/eq/bulletin (last accessed May 2019) and at http:// obsis.unb.br/portalsis/(last accessed May 2019).
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